Introduction
Brucellosis is a zoonosis disease that is caused by gram negative bacteria from brucella genus.
This disease affects different types of animals; humans are also infected through contact with infected animals and through the use of products obtained from these animals such as dairy, contaminated meat, and contact with infected secretions. The disease usually emerges with flulike symptoms such as fever, myalgia, and arthralgia. This disease is the most common zoonosis disease worldwide and its prevalence is 10/100000, approximately (1). It is an Intracellular disease and studies in mice have shown that there is a natural resistance or susceptibility to the disease that may be associated with genetic characteristics such as blood groups (2) .
The role of blood groups in the susceptibility to infectious diseases has been always discussed since a long time ago (3) . Studies have shown that various factors such as dysfunction in the performance of blood neutrophils, the production of cytokines, and blood groups are involved in the occurrence of some diseases (4) . The relationship between blood groups and some infections like norovirus, cholera, malaria and Crimean-Congo fever has been reported (3, 5) . Some other studies have proposed some connections between blood type and severity of diseases (6) . In addition, the relationship between blood groups and some diseases such as chronic urinary tract infections has been studied (7) but such relation has not been shown in some study (8) .
Despite the contact with certain viruses, some viral infections do not happen or are asymptomatic which are apparently due to ABO blood groups (9) . The role of ABO blood groups in susceptibility to various diseases like influenza has been investigated and these studies have led to the investigation of the relationship between blood groups and Mycobacterium infections, pneumonia, and viral infections such as mumps, measles, and vibrio cholera (10) . Given the importance of brucellosis and since it becomes a chronic disease in some cases, and also due to A c c e p t e d M a n u s c r i p t the importance of etiologic studies, the presence of various reports regarding the role of ABO blood groups in the incidence of diseases, and the failure to address this issue in the case of brucellosis, in this study we examined the relationship between blood groups and brucellosis.
Methodology
In this case-control study a total of 100 patients with brucellosis eligibility criteria who attended Tohid Hospital, Kurdistan University of Medical Sciences, in Sanandaj during 2013 using convenience sampling method, were enrolled in the study.
Considering a power of 80%, Type I error of 5%, odds ratio of 2, and case to control ratio of 1 to 2, the sample size of 100 cases and 200 controls were calculated. In order to collect the necessary data, a questionnaire was prepared beforehand which included the history, clinical signs and symptoms, and laboratory findings; all the required data were filled A c c e p t e d M a n u s c r i p t up by a physician. To determine patient's blood groups, their blood samples were sent to the Tohid hospital's laboratory. Blood samples taken from each person were kept in heparinated tube in the lab. Until samples were tested, they had been refrigerated at a temperature of 4 º C. To determine the ABO blood group, two drops of participants' bloods were placed on a standard kit in two distinct points. A drop of anti A was added to one of them and a drop of anti-B to the other. If agglutination was occurred in the place of one of the drops, the blood group was labeled as type A or B on the basis of the type of anti which had been added. If agglutination was occurred in none of them the blood type was determined as O, if it happened in both of them then it was labeled as AB.
Data were analyzed using SPSS software version 18. Frequencies and percentages were calculated using descriptive statistics and they were presented via tables and graphs. Chi-square test was used to compare qualitative variables between the two groups. Then the variables which met the criteria to be included in the regression model (p<0.25), were entered into the logistic regression model. After preparing the model, the variables which were highly non-significant were excluded from the model and finally a model was developed which was able to explain most of the variances.
Results
The results showed that of 100 patients with brucellosis, fever was the most prevalent and was observed in 35 patients (35%), and diarrhea and meningitis were the least common symptoms and were observed in none of the patients (Table 1 ). In terms of gender distribution of patients with brucellosis, 43 patients (43%) were female and 57 (57%) were male; considering the residential location, 27 patients (27%) were urban and 73 (73%) were rural. In this study the A c c e p t e d M a n u s c r i p t results of the tests for positive brucellosis group showed that 92% had positive and 8% had negative Wright test, and 97% had positive and 3% had negative Coombs Wright test and finally 79% had positive and 21% had negative 2ME test. Considering the frequency of tests, it was found that the highest frequency of Wright, Coombs Wright and 2ME tests were titer of 1/160.
In univariate analysis there was no statistically significant difference between the two groups in terms of Rh (p=0.72, OR=0.825). There were statistically significant differences between the two groups in terms of gender (p=0.005, OR=2.11), residential location (OR=15.32, p<0.001), contact with livestock (OR=38.57, p <0.001), dairy intake (OR=17.86, p<0.001), a history of brucellosis infection (OR=1.35, p<0.001), and family history of brucellosis infection (p<0.001, OR=1.63) ( Table 2) .
Multivariate analysis revealed, with controlling two variables of gender and residential location, blood group AB can be a predisposing factor for brucellosis and its chance of infection is 6.2 times more than the chance of blood group O. Nevertheless, other blood groups were not identified as predisposing factors (Table 3) .
Discussion
Based on the results there was a significant difference between the two studied groups in terms of gender, residential location, and history of consumption of local dairy, history of contact with livestock, previous history of brucellosis in patient, and previous history of brucellosis in other family members. These variables were more common in patients with brucellosis. In addition, after controlling gender and residential place, blood group AB had a higher odds ratio for the risk of brucellosis. This is the first study that shows a relationship between blood groups and brucellosis.
A c c e p t e d M a n u s c r i p t
All urban and rural patients with any illness can refer to the mentioned hospital, therefore, the results has a satisfactory level of generalizability. Also we used multivariate analysis for controlling probable confounding effect of residency and sex on the relation between brucellosis and ABO blood groups.
The relationship between gender, place of residence, consumption of unpasteurized dairy products, history of contact with livestock, and previous history of brucellosis in patients or among family members have been proved in some previous studies (1, 11-12 ). An important finding in our study was that 26% of patients with brucellosis had a previous history of brucellosis which is a high percentage. It should be further investigated and determined whether these individuals have been re-infected or they were experiencing a relapse. It was less than 5% in Buzgan et al. study (1).
The relationship between infectious diseases and blood groups has been examined in some studies. Huston et al showed that people with blood group O had 11.8 times higher chance to be infected with Norwalk virus, while blood group B had a protective role (4). In Kalayanarooj et al. (13) study, there was a significant relationship between the severity of dengue disease and blood group AB in individuals with secondary infections. Kinane et al. (14) also showed that people with blood group B and AB who do not have anti-B isohaemagglutinins were prone to urinary tract infections. The Kanbay et al's study (15) showed that people with blood group AB were less susceptible to helicobacter pylori. In addition, another study found a significant relationship between blood group and severe malaria (16).
In Harris et al's study (10) eltor disease was more prevalent in individual with blood group O than the other blood groups. Guven at al. (5) showed that Crimean-Congo fever patients with the O blood group are at high risk for bleeding.
In Rowe et al's study (17) blood group O had a protective effect against severe malaria, however malaria was more prevalent in blood group B; however, there is still debate on this issue (6, 18) . In Meyer's study (19) nerovirous infection was the most common among individuals with blood group O. In McDonald 's study (20) , influenza A2 was the most and the least common in patients with blood group O and blood group A, respectively. Adenovirus were the least prevalent in blood group A and the most prevalent in blood group O; influenza A1, B, and coxsackie viruses had no relationship with blood groups (21) . In Harris' study, Vibrio infections were more prevalent among people with blood group O (10).
HLA genetic factors and blood groups can be associated with infectious diseases (22) . As it is clear, most studies have shown some relationship between blood groups and susceptibility to various infectious diseases. Blood antigens have the greatest concentration in the mucin which is the forefront of contact with bacteria and viruses. Blood antigens in the mucin may be in charge of binding with some pathogens and may help the immune system in the removal of pathogens.
These antigens can also provide nutrients for bacteria and parasites (22) . ABO histo-blood group antigens are a series of glycolipids and glycopeptides which are present in all body cells. Since the blood group AB has no antibodies A and B, this hypothesis can be put forward that the lack of these antibodies may be associated with brucellosis. Also, there may be a similarity between the epitopes existing in lipopolysaccharide wall of brucella bacteria and the epitopes existing in polysaccharide chains of blood group AB which can cause relative tolerance of people with blood group AB to brucellosis. Therefore, even few numbers of brucellosis may lead to the disease in these individuals. One of the limitations of this study was the lack of differentiation between types of brucella (melitensis and abortus); hence, it is not clear what the type of A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t
